hydrological cycle of urban area and improve the ability of infiltration, regulation, purification, utilization and discharge of runoff for maintaining or restoring the city's "sponge" function. Its construction concept is mainly based on LID -a new strategy for urban water environmental protection and sustainable development of storm water management in the international community that plays an important role in alleviating waterlogging and NPS pollution [5] [6] . It is necessary to deeply understand, accurately predict and simulate the process of rainfall runoff and NPS pollution for studying urban waterlogging and NPS pollution. In recent years, different stormwater management models such as SWMM, Mike Urban, Info Works CS, SUSTAIN, STORM, and MOUSE, have been developed in many developed countries [7] [8] [9] [10] . SWMM is widely used in urban stormwater management and NPS pollution control [11] . It is suitable for various land utilization conditions with high accuracy [12] . Meanwhile, the transfer process of rainfall runoff and pollution load can be simulated through establishing a rainfall-runoff model using SWMM. In the past few years the SWMM model has been used in many countries for urban water environmental research. Guan et al. used SWMM to compare the control effects of water quantity and quality under different development modes [13] . The flood risk of different LID technologies for a region with high rainfall intensity in coastal areas of southern Brazil were assessed by using SWMM [14] . SWMM was used by Tsihrintzis and Hamid to simulate water quantity and quality of urban stormwater runoff from four relatively small sites with specific predominant land use [15] . Water resources include the two aspects of water quantity and water quality, which are interdependent and indispensable. Water quantity and quality were evaluated separately when evaluating regional water resources. It had great inconvenience for management and protection of water resources because urban rainfall runoff and NPS pollution are interdependent [16] . Due to the complexity of water quantity and quality changing with time and space, it is of great significance to study the interaction between urban rainfall runoff and NPS pollution.
A pilot area of sponge city construction located in Xixian New Area in Shaanxi Province, China, was taken as the study area. The objectives of this work are: (i) to simulate and evaluate the runoff amount and NPS pollution load reduction effects of LID under different design rainfall scenarios through establishing a SWMM model for the study area. (ii) To quantify and analyze the concentration removal effects and change process of LID based on a typical drainage partition. And (iii) to explore and establish the linear model of runoff reduction amount and NPS pollution load reduction amount so as to predict the NPS pollution load reduction amount under different runoff reduction rates, which can provide a reference for the development and construction for a sponge city LID system.
Materials and Methods

Overview of Study Area
The study area is located in Xixian New Area in Shaanxi Province, China. This region has a total area of 23.65 km 2 and belongs to a warm temperate semi-arid and semi-humid monsoon climate zone. The proportion of impermeable area was 54.7%. The average annual precipitation in this region is 520 mm. Rainfall was seasonal misdistribution, and concentrated from June to September and less in winter. The terrain of the pilot area is high in the southeast, low in the northwest and southwest, and the surface is flat. According to the rainwater pipe network plan, the study area can be divided into six drainage partitions.
Establishing the Study Area Model
The SWMM, which was developed by the US environmental protection agency (USEPA), is a dynamic rainfall-runoff simulation model. It is used to simulate single or continuous events of runoff quantity and quality in primarily urban areas. The SWMM is a hydrodynamic model of rainfall runoff, including hydrological, hydraulic, and water quality modules [17] . It can simulate the water quantity and quality of the runoff generated at different time steps and at any time in each sub-catchment. Moreover, the flow, water depth and water quality of each conduit can be simulated. The pollutant accumulation and washout model in water quality module were used to simulate the growth, scour, transportation and treatment of pollutants in surface runoff. The mathematical models for calculating the infiltration variation process are the Horton formula, Green-Ampt formula, and SCS characteristic curve method and so on. Considering the high requirement of the Green-Ampt method for soil characteristic data and scale requirement of SCS characteristic curve method, Horton infiltration was selected for the soil infiltration mode in each subcatchment. The model provides three calculation methods for the movement of water in pipelines, such as steady flow, motion wave and dynamic wave. In the steady flow method, the runoff of a pipeline can be calculated by simple equations. The kinematic wave method is limited for the application of branch pipe network. The dynamic wave method can solve problems such as water depth of node and the movement of pressure flow in the pipe, which is more consistent with the situation of the study area [18] . The dynamic wave method was adopted in this paper. For modeling requirements, the land-use types of residential areas, industrial areas, commercial areas, public facilities, roads and greening areas were divided into three types (road, roof, and greenbelt). The proportion of road, roof, and greenbelt of each sub-catchment were determined according to the nature of the study area. When the LID mode was simulated in the study area, the soil infiltration capacity of the study area could be fully utilized, and the impermeable area of development area could be reduced as much as possible for keeping the study area in its original state of natural hydrology. The location, area and parameters of LID facilities were determined from the LID special plan of the study area. Six types of LID facilities, including rain garden, infiltration trench, green roof, permeable pavement, rain barrels, and low-elevation greenbelt were selected.
According to the trend of the rainwater pipe network and distribution of buildings, the study area was divided into many sub-catchments. The generalization results are shown in Fig. 1 and the generalization results of drainage partition in the study area are presented in Table 1 . The area proportions of different LID facilities are shown in Table 1 . Each sub-catchment was equipped with five types of LID measures, including rain garden, infiltration trench, permeable pavement, rain barrels, and low-elevation greenbelt. A green roof was set in 184 sub-catchments.
Rainfall Condition Design
The rainstorm intensity equation in the study area is:
…where q is rainfall intensity, L/(s·ha); P is the design recurrence period, a; and t is the duration (minutes) of the rainfall events. The rainfall pattern of urban drainage design is divided into uniform and non-uniform rainfall patterns. The uniform pattern is the most widely used and simplest method, but the calculation results are less than actual rainfall. Chu and Keifer [19] had proposed a new type of inhomogeneous rainfall type, known as the Chicago rainfall pattern, to study the intensity-diachronicfrequency relationship. By comparing and analyzing the design of the rainstorm type that is commonly used domestically and overseas, Cen and Shen [20] found that unimodal rainfall type was the main type in short-duration rainfall events, and the rain peaks were mostly in the front and middle. The Chicago rainfall pattern can meet the precision requirements, and it has obtained good application in many cities because of its good adaptation effect. The Chicago rainfall pattern was selected to design rainfall process in the study area. The rainfall amount for the recurrence interval of 1, 2 and 5 years with short duration (3 h), and for the recurrence interval of 10, 20, and 50 years with long duration (24 h) were calculated. The time step was 1 minute. The rainfall peak coefficient was 0.4, which is an experience value due to the lack of local rainfall statistics. Based on the practical experience of developed countries, the optimal annual runoff reduction rate is 80-85%. Factors such as rainfall characteristics, soil properties and building density were considered comprehensively to determine that the optimal annual runoff reduction rate is 85% in the study area. The typical rainfall process of 19.2 mm corresponding to 85% was designed, which lasts for 3 h. The rainfall process in the study area is shown in Fig. 2 . Rainfall events consisted of 0.5-, 1-, 2-, 5-, 10-, 20-and 50-year recurrence periods, which were expressed as 0.5a, 1a, 2a,5a, 10a, 20a and 50a in tables and figures.
Model Parameters
The hydrological and hydraulic parameters mainly consist of the characteristic width of the catchment area, Manning coefficient, subsidence depth, and infiltration rates. The water quality parameters include scouring index and erosion coefficient in the scouring model, as well as maximum cumulative and cumulative rate constants in accumulation function. The parameters of pipe length and diameter, node elevation, surface area, and ratio of the impermeable area were obtained from the rainwater plan of the study area. The rest of the parameters were determined preliminarily by the actual situation of the study area, the SWMM user's manual [21] and related literature [6] .
Sensitivity Analysis
For studying the urban rainfall runoff pollution model, the sensitivity analysis of parameters is necessary in the process of model calibration and validation, which qualitatively or quantitatively evaluates the effect of the model input error on the model output.
According to the sensitivity analysis, the efficiency of parameter identification and model validation will be improved. The parameter sensitivity was analyzed using the Morris screening method under traditional development (TD) mode. On the basis of the Morris screening method, a parameter is taken as a variable x i , and the rest of the parameters are kept invariant.
The variable x i is randomly changed within the value range of the variable and the result of the objective function y (x i ) corresponding to different x i obtained by running the model. The influence value e i is used to indicate the influence degree of the parameter variation on the model simulation results [22] [23] . …where e i is the Morris coefficient, y is the model output values after the parameters changed, y 0 is the model output values before the parameters changed, and Δ i is the amplitude of parameter i.
The Morris screening method makes independent variables change with a fixed step size percentage. Finally, sensitivity discriminant factor is the average of multiple Morris coefficients. The equation is:
…where SN is the sensitivity discriminant factor, Y i is the output value of the i th running of the model, Y i+1 is the output value of the (i+1) th running, Y 0 is the initial value of the calculation result after the parameter adjustment, P i is the percentage change of the parameter values after the i th simulation relative to the initial parameter values, P i +1 is the percentage change of the parameter values after the (i+1) th simulation relative to the initial parameter values, and n is the running times. The sensitivity of parameters is divided into four categories, named the parameters of |SN|≥1, which are the highly sensitive parameters; the parameters of 0.2≤|SN|<1, which are the sensitive parameters; the parameters of 0.05≤|SN|<0.2, which are the mid-sensitive parameters; and the parameters of 0≤|SN|<0.05, which are the insensitive parameters.
A total of 10 main parameters need to be calibrated in the hydrological and hydraulic module, including the characteristic width and slope of the sub-catchments, Manning coefficient and water-storage depth of permeable and impermeable areas, pipe Manning coefficient, maximum and minimum infiltration rates, and infiltration decay constant. The pollution accumulation and washout parameters under different land uses should be calibrated. The parameters were perturbed by using a fixed-step of 5%. That is, when other parameters are kept invariant, the values of one parameter are taken from the initial value of -20%, -15%, -10%, -5%, +5%, +10%, +15% and +20% to calculate the fluctuation degree of the simulation results. The rainfall events of 19.2 mm, 2-year and 20-year recurrence periods under TD mode were used for analysis. Parameter sensitivity related to total runoff, peak flow, and SS were analyzed. Figs 3 and 4 show the results.
According to the sensitivity classification of Morris screening, they were not highly sensitive in the 22 parameters. The average SN values of 10 hydrological hydraulic module parameters on total runoff amount were 0.09, 0.07, 0.02, 0.06, 0.03, 0, 0.03, 0.08, 0.03 and 0.04. The average SN values of 10 hydrological hydraulic module parameters on peak flow were 0.17, 0.05, 0.12, 0.03, 0.04, 0.73, 0.02, 0.02, 0.01 and 0.08. The average SN values of 12 water quality parameters on SS were 0.32, -0.20, 0.05, 0, 0.18, -0.09, 0.02, 0, 0.06, -0.18, 0.12 and 0.01. The results showed that:
(1) For the sensitivities of parameters on total runoff amount, the mid-sensitive parameters were the width of the catchment area, the minimum infiltration rate, the manning coefficient and the water-storage depth of the permeable area. Their sensitivities successively decreased. The SN value dispersion degree of the waterstorage depth of the permeable area is the maximum, and which of the minimum infiltration rate is the maximum. (2) For peak flow, pipe manning coefficient was the sensitivity parameter. The mid-sensitive parameters were three, including the width of the subcatchment, the manning coefficient of a permeable area, and the slope of the sub-catchments, the sensitivity of which decreased successively. These results are similar to the findings of Shi et al. [24] . (3) Seven parameters were sensitive to SS. The sensitivity parameters included the maximum accumulation and the halfsaturated constant of the road. The moderate sensitivity parameters included the maximum accumulation of roof and greenbelt, the half-saturated constant of the roof and greenbelt, and the scouring coefficient of the greenbelt. The research results reported by Li et al. [25] also showed that the accumulation parameters of the road and roof are sensitive parameters.
Calibration and Validation
The study area is a newly-built area where the pipe network system was not completely built. Without the measured rainfall data on water quantity and quality, the calibration and verification of the model parameters cannot be conducted through the measured data of the outlets. Therefore, the initial parameter values were determined by referring to a study on the same basin [6] . From the results of parameter sensitivity analysis, 
model parameters were manually debugged, and a runoff coefficient was calculated by simulation results. The model parameters were determined when the runoff coefficient obtained by simulation was close to the empirical value of comprehensive runoff coefficient obtained from Code for design of outdoor wastewater engineering (GB50014-2006, China). The design rainfall events of 2-and 5-year recurrence periods were adopted to verify the model stability under different rainfall conditions. The simulated runoff coefficients of two rainfall events were 0.523 and 0.597, which meet the requirements of the comprehensive runoff coefficient (0.5-0.7) in residential areas with dense buildings [26] [27] . Comparing the rainfall and flood peak flow at each outlet under 2-and 5-year recurrence periods, it was found that the peak flow increased with the increase of rainfall amount, which confirmed to the runoff production and flow collection pattern. After verification, the model parameters had good applicability and could be used for regional simulation. Table 2 shows the final values of the model parameters of three modules and the parameters of each single LID facility, which were determined by the Special plan report on low-impact development of the study area.
Exploration for the Correlation between Reductions of NPS Load and Rainfall Runoff
From the formation process of rainfall-runoff pollution, only when runoff is formed, runoff pollution could possibly produce in a rainfall process. Runoff pollution load is closely related to rainfall runoff. In the same way, the reduction amount of NPS pollution load is based on the reduction amount of runoff. The reduction amounts of NPS load and rainfall runoff were calculated and analyzed for exploring and establishing the relationship of NPS pollution load reduction amount and runoff reduction amount. In this paper, the effects of LID combined facilities on hydrological and environmental effect in the study area were evaluated from the aspects of overflow nodes, reduction of water quantity and quality, and concentration removal. The relationship between runoff reduction amount and the reduction amounts of major pollutants such as SS, COD, TP and TN were explored and established. It could provide reference for the construction of sponge city and the reasonable plan of LID. The main structure is shown in Fig. 5 .
Results and Analyses
Hydrological and Environmental Effects under Different Design Rainfall Scenarios
Waterlogging occurred at low-lying places and was formed while pipe displacement exceeds the upper limit of capacity. The overflow nodes were evaluated based on overload time and the time and value of the maximum flow. The analysis of runoff was mainly evaluated based on runoff reduction rates. The total pollution load reduction rates of SS, chemical oxygen demand (COD), total phosphorus (TP) and total nitrogen (TN) were calculated.
Simulation Analysis of Overflow Nodes
After the sorting and analysis of the rainfall under different design rainfall events, the overload time of the nodes mainly centered on 1:25-1:50 for the 3 h rainfall, which centered on 9:38-10:05 for the 24 h rainfall. The results of the overflow nodes are shown in Table 3 .
Under TD and LID modes, there were few overflow nodes in short duration (3 h) rainfall events. No overflow node under rainfall of 0.5-year recurrence period was observed. Under TD mode, the number of overflow nodes was reduced from 61 to 7 under rainfall of 5-year recurrence period, whereas the remaining overflow nodes were 0. For the long duration rainfall events (24 h), the number of overflow nodes increased gradually. In sponge city assessment, the time of waterlogging is required to be less than 30 min, and the depth of waterlogging is required to be 15 cm under a 50-year recurrence period. Under TD mode, 70 overflow nodes were waterlogged more than 30 min, the number of which was reduced by 31 under the LID mode. Overflow nodes mainly concentrated in the 2#, 4#, and 6# partitions because 2# and 4# partitions were mainly industrial and commercial areas which have the great harden surface and poor permeability, resulting in the load increase of runoff and nodes. The setting of many facilities was restricted in the calculation of LID mode, which cannot achieve the optimal low-impact development because 6# partitioning is an old urban area.
The number of overflow nodes, the maximum flow rates and overload time increased gradually with the increase of rainfall recurrence periods. At the same time, the number of overflow nodes under LID mode decreased. The same conclusion on the study of different rainfall recurrence periods was drawn from Fu et al. [18] . In different rainfall events, the phenomenon of waterlogging under LID mode had a weakening effect compared with TD mode. LID combined facilities had a good effect on the remission of overflow nodes. Rainfall in the non-rainstorm intensity can achieve the full removal of overflow. Moreover, LID combined facilities had a certain control effect for the heavy rainfall process.
Simulation Analysis of Total Runoff
The reduction rates of runoff under different recurrence periods were obtained under different modes. Table 4 shows the results.
LID combined facilities had a good effect on the control of short duration (3 h) rainfall events. The runoff reduction rates at rainfall events of 0.5-, 1-, 2-and 5-year recurrence periods and rainfall of 19.2 mm had reached above 44%. At the rainfall events of 0.5-, 1-, 2-and 5-year recurrence periods, the runoff reduction rates under LID mode were improved by 33.3%, 36.3%, 35.9% and 24.7% respectively compared to TD mode. For long-duration (24 h) rainfall events with 10-, 20-and 50-year recurrence periods, the runoff reduction rates were improved by 22.3%, 20.2% and 18.3% respectively under LID mode compared to TD mode. For the 19.2 mm rainfall, the runoff reduction rate was 48.9% under TD mode; the runoff reduction rate was 85.2% under LID mode. The regional overall plan target of sponge city construction with an annual total runoff reduction rate more than 85% can be met under LID mode. There were 6 kinds of LID facilities for surface runoff simulation at different rainfall conditions in this study, including rain gardens, infiltration trench, green roof, permeable pavement, rain barrel and lowelevation greenbelt. Simulation results show that the total surface runoff reduction rate and the delay of flow peak appearance time were great. For low return period rainfall events, the delay time of flow peak was long. Total runoff and peak flow were simulated after the setting of low elevation greenbelt and permeable pavement based on SWMM by Wang et al. [28] . Wang's results were similar to this study that total surface runoff and peak flow were controlled effectively. The research of Pan et al. [29] also showed that total surface runoff could be cut down, and flow peak appearance time was delayed. Meanwhile, flow peak delay time by LID for short duration precipitation was long.
Simulation Analysis of NPS Pollution Load
Urban rainfall runoff contained a variety of pollutants, including SS, COD, TP, TN, biochemical oxygen demand, heavy metals and so on. The main sources of pollutants were atmospheric subsidence, vehicle traffic, plant growth, animal activity, building erosion and so on. The pollutants of different land uses were discharged into the receiving water by rainfall washout, which polluted water bodies at different degrees. The pollution load reduction rates under different development modes were simulated based on the indexes of the main pollutants in the study area, namely SS, COD, TP, and TN. Table 5 shows the results of the simulation.
Compared with TD mode, the amounts of pollution load were controlled under the LID mode. After adding LID combined facilities, the total amounts of SS decreased by 82.0%, 76.6%, 73.2%, 63.7% and 52.7% respectively; COD decreased by 81.9%, 76.4%, 72.4%, 62.6% and 51.5% respectively; TP decreased by 80.3%, 74.8%, 71.1%, 61.5% and 49.6% respectively; and TN decreased by 80.2%, 74.7%, 70.7%, 60.9% and 49.2% respectively under short duration rainfall events (3 h). Under long duration rainfall events, the total amounts of SS decreased by 53.6%, 51.8% and 50.3% respectively; COD decreased by 52.8%, 50.5% and 48.8% respectively; TP decreased by 47.9%, 44.9% and 42.4% respectively; TN decreased by 49.4%, 46.6% and 44.4% respectively. LID combined facilities had a marked effect on pollutant load and could improve the water quality of the runoff. The accumulation and washout degrees of pollutants were different so that the pollution load caused by the rainfall runoff was also different. Although the different pollution loads had various effects, the changing curves of pollutant concentration had a certain similarity. Total discharge amount of pollutants was positively correlated with the rainfall recurrence periods. With the increasing rainfall recurrence periods, rainfall amount increased, and the washout degree of runoff became larger, which made the rainfall runoff pollution load larger. When the rainfall duration maintained invariability, the reduction rates of each pollution load were negatively correlated with the recurrence periods.
Simulation Analysis of Pollutant Concentration in Different Recurrence Periods
The outlet of 6# partition was taken as an example. The average concentration of runoff pollutants under different design rainfall events is shown in Table 6 . The change process of pollutant concentration under 5-and 50-year recurrence periods are shown in Fig. 6 .
As Table 6 shows, compared with TD mode, the average effluent concentrations of SS, COD, TP and TN under LID mode were reduced by 13.5-36.8%, 11.3-36.3%, 7.9-30.7%, and 7.1-30.4% respectively in short-duration rainfall events. Under long-duration rainfall events, the average effluent concentrations of SS, COD, TP and TN under LID mode were reduced by 20.4-22.0%, 19.1-19.7%, 9.6-10.7%, and 12.8-13.2% respectively. With the recurrence periods increased, the pollutant concentrations of the four indexes gradually decreased. The effluent pollutant concentration was efficiently removed after adding LID combined facilities. The pollutant concentrations of runoff rapidly increased and soon reached the peak values at the initial rainfall. As the rainfall continued, the pollutant concentration gradually decreased and tended to stabilize. Comparing the concentrations under TD and LID modes, the pollutant peak concentrations were reduced while the appearance time of peak concentrations were obviously delayed. The LID combined facilities had a great effect on pollutant concentration of runoff, and the change process of pollutant concentration had a certain similarity. The process curves of pollutant concentrations changed during the 50-year recurrence period for 6# partition, revealing that the concentration still increased to a small peak after rainfall. Due to the different conflux times of the overland flow produced in the rainfall process flowing to the outlet of the partition, some runoff had not arrived at the outlet when most runoff water reached the outlet and was discharged from it. Therefore, when the delayed runoff reached the outlet, the effluent pollutant concentration slightly increased again.
Linear Model of NPS Pollution Load Reduction Amount and Runoff Reduction Amount
Due to the influence of NPS pollution and the rainfall-runoff process, the pollution load reduction amounts were closely related to the runoff reduction amount. If no runoff was produced on sunny or rainy days, the pollution caused was all point-source pollution in the study area. When there was a rainstorm and the surface runoff occured, both point source and NPS pollution could be concerned. Point source pollution was mainly composed of industrial drainage and domestic sewage, the amount of which produced by point source was relatively stable. Therefore, the change of point source pollution load was not considered when calculating. According to the water quantity and quality under different recurrence periods, the relationship of runoff reduction amount (ΔV) and four pollution load reduction amounts (ΔL) were established respectively. (ΔV is the total inflow-total outflow; ΔL is the pollution load value of total inflow-the pollution load value of total outflow.) The linear model was established in the relationship of pollution load reduction amount and runoff reduction amount. And the methods of correlation coefficient test (R-value) and t-test (P-value) were used to judge the significance on ΔV and ΔL. The results are shown in Fig. 7 .
Events
Mode Note: ΔV is the reduction amount of the total runoff in study area, m 3 ; ΔL the reduction amount of the pollution load in study area, kg. R is the relative error of the simulated value and calculated value. It can be seen from the analysis in Fig. 7 that all the correlation coefficients are 0.59 or more, indicating that it has a great relationship of runoff reduction amount and NPS pollution load reduction amount. According to the results of variance analysis, the P value of relationship for runoff reduction amount and TN reduction amount under TD mode is in the range of 0.01~0.05, which indicates that the runoff reduction amount had a significant effect on the TN reduction amount. The P values of the other seven relationships are less than 0.01, showing the extremely significant effects between ΔV and ΔL. The pollution load reduction amounts increased while the total runoff reduction amount increased. At the conditions of the same total runoff reduction amount, the pollution load reduction amounts under LID mode were all greater than that under TD mode. Pollution load reduction amounts were positively correlated with runoff reduction amounts.
3-year (3 h) and 30-year (24 h) recurrence rainfall were designed to verify the applicability of the fitting relationship to the research area by using the Chicago rainfall type. As Table 7 shows, the relative errors of the simulation and calculation results were 2.2-4.3% (TD) and 0.6-2.7% (LID) under 3-year recurrence rainfall, which were 2.2-4.3%(TD) and 0.6-2.7% (LID) under 30-year recurrence rainfall. The results were reliable because the relative errors were all around 5%. Thus, the fitting relationship in Fig. 7 can be used to represent the relationship between the non-point source pollution load and the total surface runoff in the study area. These results can be used to predict urban non-point source pollution load for a rainfall event or a given year, which can provide reference for the construction of sponge city and the reasonable plan of low-impact development.
Conclusions
The SWMM model was established by taking a sponge city as the study area. The rainfall type design of different rainfall events, as well as the hydrological and environmental effects of LID measures on the study area, were carried out.
The number of overflow nodes was positively correlated with the rainfall recurrence periods. After adding the LID combined facilities, the number of overflow nodes was reduced, the duration of waterlogging was shortened, and the time of flow peak was delayed. LID facilities could effectively control urban rainstorm runoff and reduce the peak flow, total runoff amount and pollution load. Under short duration rainfall events, total runoff reduction rates of LID mode compared with TD mode were increased by 24.7~48.9%, while it was 18.3~22.3% under long-duration rainfall events. After adding the LID combined facilities, total amounts of SS, COD, TP and TN were reduced by 50.3~82.0%, 48.8~81.9%, 42.4~80.3%, and 44.4~80.2% respectively. With the increase of rainfall recurrence periods, the reduction effects of runoff and pollution load amounts decreased, which was due to the fact that when the rainfall recurrence period was great, the LID facilities rapidly reached saturation status, and then the subsequent runoff reduction effects significantly decreased. The effluent concentration of pollutants decreased with the increase of rainfall recurrence periods. Compared with TD mode, the average effluent concentrations of SS, COD, TP and TN under LID mode were reduced by 13.5-36.8%, 11.3-36.3%, 7.9-30.7%, and 7.1-30.4% respectively. The concentration removal effects of each indicator were ranked as SS>COD>TP, TN. The concentration removal effect of TP was greater than that of TN in short-duration rainfall events, while the opposite occurred in long-duration events. From the runoff and pollution loads under different recurrence periods, the relationship of runoff reduction amount and pollution load reduction amount was established. All the P values of eight relationships are less than 0.05, which shows the significant effects between runoff reduction amounts and NPS pollution load reduction amount. For verifying the applicability of a fitted relationship, the rainfall events of 3-year (3 h) and 30-year (24 h) recurrence periods were adopted, and the results were reliability. The pollution load reduction amount was positively correlated with runoff reduction amount.
The SWMM model can effectively simulate the effect of LID combined facilities and quantify the simulation results of water quantity and quality. It has practical significance on the promotion and application of LID facilities. In this paper, LID measures have a good influence on regional hydrological and environmental effects, but they can be further optimized. The conditions in different areas and locations and different combinations of single LID measurements can be considered to achieve better runoff and pollution load control effect so as to provide a better basis for sponge city construction.
